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VARIATIONS OF CERTAIN ADIRONDACK BASIC 
INTRUSIVES 1 



WILLIAM J. MILLER 

Hamilton College, Clinton, N.Y. 



INTRODUCTION 

The basic intrusives — gabbros and diabases — discussed in this 
paper are wholly confined to the North Creek (Warren Co.) New 
York quadrangle, a detailed geologic map of which will soon 
appear as a publication of the New York State Museum. The 
region, though well within the Adirondack area, has afforded an 
unusual opportunity for detailed field work because of the numerous 
roads and trails and the large number of excellent exposures as 
compared with the Adirondacks in general. The gabbros occur 
almost always as small stocks or bosses, while the diabase always 
occurs as true dikes. In all, 61 gabbro masses and n diabase 
dikes have been mapped within the quadrangle. Among the 
gabbros there are many remarkable variations of primary and 
secondary origin. It is the chief purpose of this paper to describe 
and attempt to explain the primary variations, though certain sec- 
ondary features will also be briefly discussed. The writer is greatly 
indebted to Professors J. F. Kemp, H. P. Cushing, and C. H. Smyth 
for their able papers dealing with Adirondack basic intrusives, but, 
so far as the writer is aware, little or no attention has been given to 
an explanation of the primary variations of the gabbro. 

ROCKS OF THE REGION 

The rocks of the North Creek quadrangle are all of pre-Cambrian 
age, and these given in their relative order of ages comprise the 
Grenville sedimentary series of various gneisses, quartzite, and 
crystalline limestone; syenite and granite; gabbro; pegmatite; 
and diabase. 

The Grenville strata are all highly metamorphosed, with lime- 
stone unusually prominent in this portion of the Adirondacks. 

1 Published by permission of Dr. J. M. Clarke, State Geologist of New York. 
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The syenite and granite break through the Grenville in batho- 
lithic masses of greater or lesser extent. These rocks, which are 
always foliated, vary from basic syenite through quartz syenite 
and granite to granite porphyry, and all are differentiation prod- 
ucts from the same great cooling magma. About two-thirds of 
the area of the quadrangle is occupied by these rocks. Sometimes 
they are so closely involved with the Grenville as to preclude the 
possibility of separate mapping. 

The gabbro, which exists under many facies, is clearly intrusive 
into the Grenville and syenite-granite series. It is generally more or 
less metamorphosed, especially along its borders where amphibolite 
is often developed. It occurs in numerous small masses. 

Pegmatite dikes show a very close association with the gabbro, 
it being quite the rule to find such coarse grained dikes often of 
very respectable size cutting the gabbros and frequently sending 
small tongues into the latter rock. 

Diabase occurs in small dikes, and in contrast with the gabbro, 
it is remarkably uniform in texture and composition. The writer 
has observed the diabase cutting the pegmatites and, in one case, 
the gabbro. 

The accompanying geologic map gives a fair idea of the rela- 
tions of the various rocks of the region under discussion. 

THE GABBRO AND ITS DERIVATIVES 
MODE OF OCCURRENCE 

The gabbro and its derivatives nearly always occur in the form 
of small stocks or bosses rather than as true dikes, the length 
ranging from 30 or 40 feet to about a mile, and with widths up to 
f of a mile. The ground plan as represented on the geological 
map is almost invariably elliptical, though sometimes approaching 
the circular. When the contact with the country rock is carefully 
traced out it is commonly found to be sharp and shows smooth or 
flowing outlines against the country rock. These features are 
pretty well shown on the accompanying map. 

In only two or three cases do the gabbro masses approach the 
true dike-like form, and in each of these fine grained tongues were 
found to extend into the surrounding rock. A good example is 
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the stock or dike ij miles southeast of Chestertown which has 
several such tongues, one of them from i to 6 inches wide clearly 
cutting the granite porphyry for 30 feet. However, it is a strik- 
ing fact, that, in spite of many excellent contacts which were 




Fig. i. — Geologic map of part of the North Creek, New York, quadrangle, show- 
ing the relation of the gabbro stocks to the other pre-Cambrian rocks. 

Gv. = Grenville series; Sg, = Syenite and granite gneisses; Gsg. = Grenville- 
syenite-granite mixed gneisses; G. = Gabbro; and D. = Diabase. Heavy black 
lines = faults. Contour interval = 100 feet . 
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observed, such dike tongues are so rare. As Harker says: 1 " Al- 
though most of the bodies of granite and other plutonic rocks which 
have been loosely described as bosses, and so rendered in ideal 
sections, are doubtless of laccolithic or other stratiform shape; 
some, not of the largest dimensions, appear to have a plug-like 
form, with more or less vertical boundaries. " The North Creek 
bosses are certainly of this plug-like or pipe-like form as shown 
by the very character of their eroded cross-sections and also by the 
vertical contacts with the country rock. Among the many fine 
contacts which came under the writer's observation, not a single 
exception to the rule of vertical or practically vertical contacts 
was noted. 

In most cases the long axes of the stocks lie parallel to the 
foliation of the inclosing rock, though there are some notable 
exceptions. It would therefore seem that the molten intrusives 
generally followed the lines of least resistance but, even in these 
cases, the broad ends of the stocks cut sharply across the foliation 
bands, sometimes for a distance of several hundred yards. Such a 
phenomenon is well exhibited at the south end of the large stock 
(see accompanying map) where a big quarry has been opened up 
along the contact. 

The gabbro stocks are not at all uniformly distributed over 
the area of the quadrangle, the largest number being confined to 
a nearly north-south belt with a width of from 3 to 5 miles and 
extending through the middle of the quadrangle. This belt 
roughly corresponds to the general strike of the foliation. A 
secondary belt, about 1 mile wide and 5 miles long near the middle 
eastern boundary of the sheet, contains a dozen small stocks. 
With a single small exception the whole western side of the quad- 
rangle is devoid of gabbro masses. In the northeastern portion 
a few stocks occur, but they may really belong to some other belt 
not yet mapped. Thus we see that the gabbro intrusions were 
limited to pretty well defined areas or belts. 

Among these gabbro stocks four types of occurrence are espe- 
cially noteworthy as follows: (1) the normal, dark, basic gabbro 
with diabasic texture, and usually homogeneous throughout; 

1 Natural History of Igneous Rocks (1909), p. 86. 
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(2) gabbro chiefly of the normal type but with irregular patches 
or masses of lighter colored rocks of syenitic or dioritic make-up, 
these patches blending with the normal gabbro; (3) the whole 
stock made up of lighter colored, more acidic rock; and (4) any one 
of the above types with blocks or inclusions of the country rock. 
These four types are all primary variations. Examples of the 
last three types will be given later. 

MEGASCOPIC FEATURES 

The gabbro and its derivatives present a truly remarkable 
number of facies or varieties clearly visible to the naked eye and 
these will now be briefly described. 

The coarseness of grain varies from the merest fraction of a 
millimeter to fully an inch (e.g., stock No. 4 of accompanying map). 
The fine grained portions are confined to the borders of the stocks 
or the few branching tongues, and were caused by the more rapid 
chilling of the rock in those positions. However, even the finest 
grained rocks are holocrystalline. As a rule the coarseness of 
grain increases toward the interior of the masses, though often 
medium to coarse grained rocks extend to the very contact. The 
typical or prevailing gabbro shows a medium grain; that is, the 
grains are from 1 to 5 mm. across. 

The texture varies from coarse to medium to fine grained 
granitoid, to medium to coarse grained diabasic (ophitic). The 
gabbro from stock No. 4 is an excellent example of diabase texture 
in which the feldspar laths attain a length of an inch or more* 
The typical gabbro always exhibits the diabasic texture. 

In color the gabbro and its derivatives range from nearly 
black through dark to light gray, the darker varieties, in many 
cases, showing a slight reddish tinge due to the presence of gar- 
nets. The gray rocks all belong to the more acidic — dioritic and 
syenitic — facies below described. In one case a greenish-gray 
color was noted. The very dark color of the typical gabbro is 
due to the fact that the feldspars are so charged with tiny black 
inclusions. 

In the typical gabbros the minerals commonly recognizable 
with the naked eye or hand lens are plagioclase, pyroxene, horn- 
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blende, garnet, biotite, and ilmenite, while in addition to these 
orthoclase and quartz may often be seen in the more acidic phases. 

Except for the pretty common presence of highly gneissoid to 
even schistose amphibolite borders, the stocks of typical gabbro 
are practically devoid of gneissoid structure. Some of the lighter 
colored, more acidic phases, however, show fairly well developed 
foliation. 

It is important to note that many of the above described 
variations may be found within a single stock as, e.g., No. 1. The 
following statements from Smyth's description 1 of a similar western 
Adirondack gabbro fittingly apply here: 

These (primary) changes in character take place very suddenly, and the 
different phases are most irregularly distributed, seeming to conform to no 

law These primary variations in the rock suffice to give considerable 

diversity to different portions within a limited area, but this diversity is 
greatly intensified by certain secondary modifications of structure and com- 
position. As a result of the combined effect of primary and secondary varia- 
tions, it would be easy to collect, within an area of a few square rods, a half 
dozen or more specimens whose appearance even in thin-section would scarcely 
suggest that they had any connection with one another. 

Cushing says 2 of the Adirondack gabbros in general that they 
show much variation, both primary and secondary, from place 
to place. Both of these investigators proceed to discuss the 
secondary variations and their causes but, so far as the writer 
is aware, little or no attention has been given to the causes of the 
primary variations, which is the chief object of this paper. 

MICROSCOPIC FEATURES 

Mineralogical composition. — The following table will serve to 
show the great range in mineralogical composition of the gabbro 
and its derivatives. The figures refer to percentages by volume 
and are meant to be close approximations only. 

Perhaps the most striking feature brought out by this table 
is the range of rock types, through many intermediate phases, 
from a very basic olivine norite to quartz-hornblende syenite. 
Thus, No. 1 is an olivine norite; Nos. 2, 3, 4, 6, 7, and 9 are 

1 Amer. Jour. Set. (April, 1896), pp. 273-74. 

2 N.Y. State Mus. Bull., 95, p. 328. 
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hornblende norites; No. 5 is a hornblende gabbro; No. 8 is a 
gabbro-diorite; Nos. 10, 13, and 14 are hornblende syenites; No. 11 
is a monzonite; and No. 12 is a diorite. The large number of 
minerals — 16 in all— is also notable. Also it is important to note 
that, in the above table, Nos. 3 and 4, 7 and 8, 9 and 10, and 11 
and 12, respectively, come from single stocks. 

The predominating mineral is feldspar, which ranges from 
labradorite alone in some rocks through all stages, to those rocks 
which are rich in the more acid plagioclases or orthoclase. 

Hornblende, generally in considerable amount, occurs in all 
but one (No. 1) of the rocks. Sometimes it makes up a fourth 
or more of the whole rock. Much of the hornblende in the more 
basic rocks, at least, is of secondary origin and forms corrosion 
rims (below described) around other minerals. Its color varies 
from green to brown. In one slide many examples of the transi- 
tion from pyroxene to hornblende are perfectly shown. 

Hypersthene, with a single exception (No. 5), is an important 
constituent of all the more basic types. It is almost always highly 
granulated and with pleochroism from greenish-gray to pale 
reddish-brown. 

Augite and diallage of greenish-gray color, and with good 
cleavage, are only occasionally present and rarely as important 
constituents. 

Ilmenite is invariably present in amounts up to 5 per cent, and 
often shows transition to leucoxene. 

Pyrite in small amount seldom fails. 

Biotite and garnet of the usual sort, though mostly in tiny 
flakes or grains, are present in moderate quantity in all but certain 
of the more acidic fades. The unusually high percentage of garnet 
in No. 4 is a fine grained border phase of a stock. 

Quartz, in small irregular shaped grains, is wholly confined 
to the acidic types. 

Zoisite, in small stout prisms, sometimes makes up about 
1 per cent of the rock. 

Zircon and apatite, in very small quantities, are wholly con- 
fined to the acidic facies. The absence of the apatite from the 
typical gabbros is especially noteworthy. 



168 WILLIAM J. MILLER 

Olivine was noted in but one case (No. i) and this in the only 
rock from which hornblende is missing. 

Titanite in a few small grains was noted in No. n. 

Reaction or corrosion rims. — Reaction or corrosion rims, which 
are well known in many basic rocks, are exhibited in a truly remark- 
able manner in the North Creek region gabbros. In the examples 
most often described, the core is olivine, but in the gabbros here 
considered the writer has observed cores of olivine, hypersthene, 
magnetite, augite, and diallage with from one to five distinct, 
successive rims surrounding the cores. Professor Kemp has 
described 1 and figured a number of interesting examples of reaction 
rims observed in certain gabbros of the eastern Adirondacks. 

The following nine types of reaction rims comprise most of 
those noted by the writer in the North Creek gabbros: 

i. Ilmenite surrounded by hornblende. 

2. Diallage surrounded by hornblende. 

3. Augite surrounded by hornblende. 

4. Hypersthene surrounded by garnet. 

5. Hypersthene surrounded by successive zones of biotite and 
hornblende. 

6. Olivine with successive zones of hypersthene, hornblende, 
and garnet. 

7. Olivine with successive zones of hypersthene, biotite, and 
garnet. 

8. Hypersthene with successive zones of biotite, feldspar, and 
garnet. 

9. Ilmenite with successive zones of biotite, hornblende, garnet, 
and biotite. 

In nearly all cases the material immediately inclosing the 
rims is feldspar which, in a sense, adds another zone to each of 
the above. No. 6 is like one of those described by Kemp. No. 9 
is a remarkable example and, because of its additional outer rim 
of biotite, is even more interesting than a case described by 
Lacroix. 2 Some of the others may be new examples. The material 
of each rim appears to be highly granulated or at least made up of 
numerous small grains. It seems certain that where hypersthene 

1 Geol. Soc. Amer. Bull., V (1894), 218-21. 

2 Bull. Soc. Min. Fr. % XII (1880), 232. 




Fig. 2 




Fig. 3 

Figs. 2. and 3. — Photomicrographs of thin-sections of gabbro from stock No. 4 
(see accompanying map). Each magnified 15 diameters. 

In the upper figure the large central mineral is olivine completely surrounded 
by successive rims of hypersthene, biotite (narrow and dark), and garnet. Surround- 
ing all are broad laths of labradorite. 

In the lower figure the large, black, central mineral is ilmenite followed by suc- 
cessive rims of biotite, hornblende, garnet, and biotite. The second and third — 
biotite and hornblende — rims are not separable in the photograph. Surrounding 
all are labradorite crystals. 
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envelopes olivine, the former has secondarily developed from the 
latter. The olivine cores are of very irregular shapes and in all 
sizes. Where hypersthene forms the core it is probable that all of 
the original olivine has been altered to hypersthene. The common 
occurrence of hornblende rims around pyroxene strongly suggests 
the derivation of the former from the latter. Garnet is almost 
invariably in contact with feldspar, which suggests the partial for- 
mation, at least, of the garnet from the feldspar. 

CHEMICAL COMPOSITION, NORM, AND MODE 

Excellent exposures of what is regarded as very typical gabbro 
occur in the railroad cut ij miles south of The Glen. This rock 
has been chemically analyzed for the writer by Professor E. W. 
Morley. The following table shows the chemical composition, 
norm, and mode, the last having been determined from thin- 
sections. 

TABLE n 



Chem. Comp. 



SiO a ... 

A1A-. 

Fe,0 3 .. 

FeO... 

MgO.. 

CaO.. 

NaaO.. 

K a O... 

H 2 0+. 

H a O-. 

TiO a .. 

PA.. 
CI.... 
MnO.. 

S 

BaO.. 
SrO... 

F 

ZrO a .. 



46.40 

14.17 

2.03 

13.12 

4.94 

9-65 

314 

1. 12 

.02 

.25 

303 

.80 

•15 
• 44 
.14 
.18 
.10 
.04 
05 



Norm 

Orth 6.67 

Alb , 22.53 

Anor 23.35 



Mode 



NaCl. 
Ilm.. 



Pyr 

Apat 

Diop 

Hyper 

Oliv 

HaO+ZrOa. 



.82 
5- 78 
302 

.24 
2.02 

1753 
8.02 

932 
•32 



. .. 3272 

Orthoclase 3.77 

Hornblende 27.92 

Hypersthene ... 14 . 30 

Biotite 7.09 

Augite 3.29 

Garnet 4.30 

Ilmenite 4.17 

Pyrite 2.08 

Apatite 36 



Class HI Order 5 Rang 3 Subrang 4 

Salfemane Gallare Camptonase Camptonose 



Total 99-77 

Under the old qualitative system the rock is a hornblende 
norite, while according to the quantitative system it is a hornblende- 
camptonose. 
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In thin-section the plagioclase is seen to range from oligoclase 
to labradorite, and the analysis and mode show that the average 
composition is that of a basic andesine. 

The high Ti0 2 of the analysis shows either ilmenite or very 
titaniferous magnetite, the ilmenite being far more probable 
because of the difficulty of otherwise accounting for such a low con- 
tent of Fe 2 3 . 

THE DIABASE 
MODE OF OCCURRENCE AND DISTRIBUTION 

In striking contrast with the neighboring gabbro, the diabase 
invariably occurs in typical dikes which have clearly broken 
through narrow fissures in the country rock. They vary in length 
from 20 or 30 feet to 200 yards, and in width from 5^ inches to 
40 feet. 

The chief features of occurrence are brought out in the follow- 
ing description of the largest dike of the region which lies at the 
western base of Heath Mountain or 3 miles west-northwest of 
Warrensburg. This dike has a maximum width of 40 feet and a 
length of 200 yards. It is fine to medium grained toward the 
interior and very fine grained along the borders. It breaks 
through both Grenville and granite gneisses and the contacts are 
everywhere perfectly sharp, there being no evidence whatever of 
contact metamorphism. A number of small tongues, from one 
inch to three or four feet wide, branch off the large dike and extend 
as much as 25 or 30 feet into the country rock. One of these 
branches cuts a pegmatite dike and another cuts Grenville lime- 
stone. This large dike strikes across the foliation almost at right 
angles. 

One and one-half miles southeast of Johnsburg a diabase dike, 
2\ feet wide and 60 feet long, cuts Grenville quartzite parallel to 
the foliation. All of this rock is fine grained but exceptionally 
so at the contacts, and on one side an inch wide zone of basaltic 
glass or obsidian is perfectly developed with some very small 
tongues of glass extending into the country rock. 

Cutting gabbro stock No. 2 (accompanying map) there is a 
typical diabase dike 4 feet wide, with fine grained borders, and 
with very sharp contacts against the gabbro. 



172 WILLIAM /. MILLER 

In all ii diabase dikes were found, these being well scattered 
over the quadrangle. Most of them cut across the foliation of the 
country rock at high angles, thus differing from the gabbros, and 
they probably have been forced up along joint planes. In 9 of 
the n occurrences the dikes strike northeast and southwest which 
is quite the rule for such dikes in the eastern Adirondacks. So far 
as can be determined, these dikes all come up vertically through 
the country rock. 

MEGASCOPIC AND MICROSCOPIC FEATURES 

The diabase is a very dark bluish-gray to almost black rock 
which, in all exposures, is hard and fresh except for the immediate 
surface which is often weathered to reddish-brown. 

The granularity and texture vary from glassy to very fine 
grained to medium grained diabasic, the finer grained rock being 
wholly confined to the borders and the diabasic texture nearly 
always being just visible to the naked eye in the typical medium 
grained rock. Except for the above named differences the diabase 
shows no facies whatever visible to the naked eye, and this again 
is in marked contrast with the gabbros. 

The diabase is wholly devoid of any metamorphism and inclu- 
sions of country rock are never found. The only minerals recog- 
nizable by the naked eye are the tiny feldspar laths and an occa- 
sional pyrite speck. 

The whole range in mineralogical composition is brought out 
in the following table. The figures refer to percentages by volume 
and are meant to be close approximations only. 

The remarkable similarity in composition and the small number 
of minerals represented stand out in marked contrast against the 
gabbro and its facies. Nos. 1, 2, and 3 are typical holocrystalline 
diabases from widely separated dikes. Nos. 4 and 5 represent 
finer grained or border phases and have more or less glassy ground- 
mass. No. s presents a striking appearance under the microscope 
because the feldspar crystals which are incipient and almost indeter- 
minate tend toward sheaf-like bundles. 

No. 1 of Table III, which may be regarded as typical of all the 
diabases, is from the large dike (above described) at the base of 
Heath Mountain. The fine to medium grained rock shows an 
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excellent diabasic texture visible even to the naked eye. Judging 

by the extinction angles, the broad laths of somewhat decomposed 

plagioclase range from andesine to labradorite in composition. 

Pale reddish-brown augite, in stout prisms, shows a very faint 

pleochroism. It exhibits good cleavage and sometimes good crystal 

boundaries. The hiotite is much changed to chlorite and stained 

with black iron oxide. The magnetite often shows transition to 

leucoxene. Apatite occurs in tiny needles, and pyrite and quartz 

in small irregular grains, the latter probably being of secondary 

origin. 

TABLE III 

MlNERALOGICAL COMPOSITION OF THE DlABASE 



Slide 
No. 


Ande- 
sine to 
Labra- 
dorite 


8 


47 


48 


55 


7 


55 


10 


5 


9 


55 



Augite 



Biotite 



Hmen- 
ite 


Pyrite 


Glassy 
Ground- 
mass 


Quartz 


4 


i 




little 


6 


little 




2 


5 






little 


many 
specks 




85 




5 


little 


25 


i 



Apatite 



1 
2 

3 
4 

5 



mostly chlorite 
40 

mostly chlorite" 

5 

14 



little 
little 
little 



CHEMICAL COMPOSITION, NORM* AND MODE 

The diabase from the dike at the western base of Heath Moun- 
tain has been chemically analyzed for the writer by Professor 
E. W. Morley. The following table (p. 174) shows the chemical 
composition, norm, and mode, the last having been determined 
from thin-sections. 

Thus, according to the old qualitative classification, the rock 
is a biotite-diabase, while under the new quantitative chemical 
classification it is a biotite-camptonose. 

The amounts of Si0 2 , A1 2 3 , and CaO in the analysis strongly 
bear out the determination of the plagioclase as ranging from 
andesine to labradorite. 

Such a high content of FeO in the analysis makes it certain 
that the biotite is rich in ferrous iron, since there is not enough 
ilmenite and augite to account for so much FeO. 
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The sulphur appears too low in the analysis as judged by the 
amount of pyrite visible even to the naked eye. 

The high Ti0 2 shows either ilmenite or that the magnetite is 
decidedly titaniferous (most likely the former), though a little of 
the Ti0 2 may be in the biotite. 

TABLE IV 
Chem. Comp. Norm Mode 

Si0 2 50-57 Qtz 2.04 Plagioclase 40.78 

A1 2 3 13 .58 Orth 11. 12 Augite 27.20 

Fe 2 3 3.26 Alb 24 . 10 Biotite 23 . 59 

FeO 10.09 Anor 18.63 Ilmenite 6.56 

MgO 498 NaCl 12 Pyrite 1.13 

CaO 7 . 67 Mag 4 . 64 Quartz 52 

NaaO 2.92 Ilm 5.02 Apatite 19 

K a O 1.89 Apat 67 

H 2 0+ 16 Fluor 16 

H 2 0— 94 Diop 1444 

Ti0 2 2.68 Hyper 17.41 

P 2 O s 28 H 2 0+S 1. 13 

CI 09 

F 09 

MnO 36 Class III Order 5 Rang 3 Subrang 

BaO 09 Salfemane Gallare Camptonase Camptonose 

SrO 10 

S 03 



Total 99.78 

It is important to note that the typical gabbro and diabase 
are almost exactly the same in chemical composition (both being 
camptonose) except for somewhat higher silica and lower lime in 
the diabase, this difference probably being due to the slightly 
more acid character of the plagioclase in the diabase. Thus, 
these two rocks have quite certainly been derived from the same 
basic source of supply, though at different times. 

CAUSE OF THE PRIMARY VARIATIONS OF THE GABBRO 
APPLICATION OF DALY'S MAGMATIC STOPING HYPOTHESIS 

What has caused the remarkable primary variations of the 
gabbros? The writer believes there is strong evidence favoring 
the application, to a greater or lesser extent, of Daly's magmatic 
stoping and assimilation hypothesis to the solution of this problem. 
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It is the present purpose to state only the fundamental principles 
of this hypothesis, the reader being referred to Daly's original 
papers 1 for details. The essential points, according to Daly, are: 

1. "Each acid, batholithic magma has reached its present 
position in the earth's crust largely through the successive engulf- 
ment of blocks broken out of the roof and walls of the batholith." 

2. "The sunken blocks must be dissolved in the depths of the 
original fluid, magmatic body, with the formation of a 'syntectic,' 
secondary magma." 

3. The period of most active intrusion, accompanied by stoping 
and abyssal assimilation, is when the magma is thoroughly molten. 

4. When the magma or stock becomes very viscous, the blocks 
(xenoliths) will neither sink nor become assimilated. 

In all of Daly's papers it would seem that his hypothesis is 
generally meant to account for only large and more acidic intrusive 
bodies than the gabbro stocks here considered. However, there 
appears to be no reason why the essential principles of the hypothe- 
sis should not be applicable to these smaller and generally more 
basic stocks. 

It should be distinctly understood that the writer does not 
believe Daly's hypothesis to involve the only processes to account 
for the type of occurrence and primary variations of these gabbro 
stocks, but rather the observed facts warrant his belief that mag- 
matic stoping and assimilation have been important processes. 
Other processes, such as marginal assimilation, or in the cases of 
certain smaller and more dike-like masses, simple pushing aside 
(displacement) of the country rock, may well enough have 
operated. 

SIGNIFICANCE OF THE MODE OF OCCURRENCE 

We have shown that the gabbro stocks are of the plug-like or 
pipe-like form with practically vertical boundaries. Now, as 
Harker says: 2 

An intrusive working its way up through solid rocks by "overhead stoping " 
must if this action be sufficiently continued, acquire something of the vertical 

1 Amer. Jour. Set., XV (1903), 269-98; ibid., XVI (1903), 107-26; ibid., XXVI 
(1908), 17-50. 

2 Natural History of Igneous Rocks, p. 86. 
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cylindrical form which seems to be implied in the term boss (or stock) 

The space which they (bosses or stocks) occupy can scarcely have been pro- 
vided by the thrusting aside of the contiguous rocks, assisted by some con- 
traction of the latter in metamorphism. They appear, as Barrois says of the 
granite of Rostrenan in Brittany, to have penetrated the solid rocks by cutting 
a way through them like a punch, not by thrusting them aside like a wedge. 
In such cases we may suppose that "stoping" has played an important part. 

Daly, speaking of granite stocks and batholiths, says: 1 

Most, if not all, of these bodies in their accessible portions have replaced 
nearly equivalent volumes of their respective country rocks. They are 

generally cross-cutting bodies Where erosion has been profound, the 

ground plan section of the typical stock or batholith is seen to be elliptical. 
.... Both in ground plan and in vertical sections the contact surface is 
relatively smooth. Apophysal offshoots do interrupt the wall-rock, but the 
main contact lines as mapped on ordinary geological maps are characteris- 
tically flowing lines. Large scale, angular projections of country rock into 
well uncovered batholith are comparatively rare. Such smoothness of main 
contact surfaces is that which is to be expected on the stoping hypothesis. 

These statements by Harker and Daly are precisely descrip- 
tive of the mode of occurrence of the typical basic stocks of the 
North Creek region. Stock No. 1 (see map) already described 
is a fine example. This rock was certainly not intruded by dis- 
placing or simply pushing aside the country rock, but rather it 
was a process of replacement. Thus the mode of occurrence of 
the North Creek stocks furnishes strong evidence in favor of mag- 
matic stoping as an important factor in the intrusive process. 

SIGNIFICANCE OF THE INCLUSIONS 

A good proportion of the stocks contain inclusions of country 
rock. Among many examples are the following: i\ miles north- 
northeast of The Glen; 1 mile south-southeast of The Glen; i\ 
miles south of South Horicon; and i\ miles northeast of Potters- 
ville. These inclusions, which are seldom more than a few feet 
long, are usually angular and irregularly arranged in the matrix. 
It is quite the rule that the dark colored minerals of the gabbro 
are arranged with long axes parallel to the long axes of the inclu- 
sions, this probably having been due to a sort of flow structure 

1 Amer. Jour. Set., XXVI (1908), 20. 
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which was developed around the inclusions during their movement 
through the magma and just before its solidification. The very 
presence of* the inclusions or xenoliths proves that the process of 
stoping or rifting off of blocks from the chamber vault or sides 
actually did take place to a certain extent at least, and this when 
the magma had cooled to a highly viscous condition and hence had 
comparatively little power to stope and too low a temperature to 
assimilate the blocks. Thus the occurrence of these xenoliths is 
quite in harmony with Daly's hypothesis. 

SIGNIFICANCE OF THE MORE ACIDIC MASSES WITHIN THE STOCKS 

As already mentioned, lighter colored, more acidic patches or 
masses sometimes occur within the gabbro stocks. These patches 
lack the diabasic texture of the inclosing gabbro and, instead of 
being in sharp contact with the gabbro, they rapidly grade into it. 
A good example is the stock i\ miles north-northeast of The Glen 
and represented by Nos. 7 and 8 in Table I, and another is stock 
No. 1 (see map) and represented by Nos. 9 and 10 in Table I. 

Harker 1 admits the probability of stoping, but sees "no evi- 
dence of concomitant assimilation," and Iddings 2 says: "Evidences 
of absorption by the igneous magma of material from adjoining 

rocks are very slight It commonly happens that blocks, 

or fragments of rocks, are inclosed in molten magma without 
exhibiting evidences of solutional reaction between the magma and 

inclosed rocks Few statements as to signs of solution and 

diffusion of rock by igneous magmas have been substantiated by 
chemical evidence of a change in the intrusive magma due to such 
a reaction." Now, the writer believes that the more acidic patches 
or masses within the North Creek gabbro stocks do furnish strong 
evidence of chemical change within the intrusive igneous magma 
due to solution or partial solution and diffusion of blocks of country 
rock. In such cases the magma was just hot enough to melt or 
partially melt and only partially diffuse the blocks of country rock. 
Acidic masses formed in this way would not be expected to show 

1 Natural History of Igneous Rocks, p. 86. 

2 Igneous Rocks, I (1909), 281. 
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the diabasic texture. Obviously, examples of this kind would not 
be common. 

The acidic (syenitic) border phase of stock No. i (see map) and 
represented by No. 10 of Table I might be explained on the basis of 
simple marginal assimilation, though there appears to be no good 
reason against explaining it as due to the assimilation of blocks 
of country rock stoped from the walls of the stock chamber. In 
accordance with Daly's hypothesis the blocks of country rock 
would have been derived from a level some distance above the 
present observed contact but, because of the low specific gravity 
of the country rock (granite) as compared with the molten gabbro, 
and also because of the superheated condition of this gabbro magma 
(as proved by the vigorous contact action on the granite), those 
blocks of country rock would not have sunk very far in the magma 
before they became thoroughly assimilated, 

SIGNIFICANCE OF THE MORE ACIDIC STOCKS 

Five or six of the stocks are composed of rocks more acidic 
than gabbro. Fine examples are: Stock No. 3 (see map); ij 
miles northeast of Pottersville; f of a mile south-southeast of 
South Horicon; and ij miles southwest of The Glen. In fact 
every gradation may be found from stocks of basic gabbro, through 
acid gabbro and diorite, to syenite. In the earlier stage of very 
active intrusion the invading magma was more thoroughly molten, 
and as the blocks of country rock were stoped off they sank in the 
magma and became completely dissolved and diffused. Since 
the country rock was almost always granite, syenite, or gneiss, the 
magma became more and more acidic. A magma thus formed 
has been styled a "syntectic" magma. The amount of superheat 
required to dissolve the blocks would not be great because, as 
Daly has pointed out, there is plenty of proof that molten basic 
rock "even slightly superheated will dissolve fragments of gneiss 
and allied rocks. The mutual solution of two contrasted silicate 
mixtures takes place at a certain temperature which is lower than 
the melting-point of. either one." 1 According to the specific 

1 Amer. Jour. Set., XXVI (1908), 36. 
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gravity figures given by Daly 1 on good authority it seems quite 
certain that most, at least, of the xenoliths would have sunk in 
the North Creek stock magmas during their highly molten early 
stages of intrusion. 

The very close chemical relationship between the diabase and 
the typical gabbro pretty clearly shows the derivation of these 
rocks from a source of supply of such a basic composition, and that 
the acidic facies of the gabbro were somehow developed during 
the process of intrusion, more than likely by the assimilation of 
country rock. Where the normal basic rock now constitutes a 
stock is readily explained because in the later, less highly molten 
stage of intrusion, stoping would be greatly lessened and xenoliths 
would sink little if any, while this upward current of later basic 
magma would push the earlier formed, more acidic "syntectic" 
to a higher level in the vent. Where basic gabbro now fills a stock 
chamber simply means that the upper, more acidic assimilation 
product (syntectic) has been removed by erosion. 

The objection may be raised that these stocks are too small to 
have had sufficient heat for the melting and diffusion of the xeno- 
liths. But it must be remembered that the gabbro and its derivatives 
are true plutonic rocks, and that the portions of the stocks now at 
the surface were, at the time of intrusion, far below the surface. 
The fact that, in some cases, tongues of the intrusives have pene- 
trated the country rock clearly argues for a highly fluid magma. 
Again, the very character of the distribution of the gabbros along 
distinct belts strongly suggests that the stock masses are merely 
offshoots from a much larger underground gabbro mass which, 
at the time of the intrusion, must have been more highly molten 
than the present surface exposures seem to indicate. 

Thus the North Creek basic stocks appear to furnish fine 
illustrations of intrusions accompanied by more or less magmatic 
stoping and assimilation, so that we have all gradations from basic 
gabbro to syenite stocks, and from stocks in which magmatic 
assimilation produced true syntectic magmas, to those in which 
xenoliths were only partially dissolved and diffused, to those in 
which xenoliths were wholly undissolved. 

*Amer. Jour. Sci., XXVI (1908), 27-28. 
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LACK OF VARIATION OF THE DIABASE 

Because of its remarkable homogeneity in composition, the 
diabase presents a marked contrast to the neighboring gabbro. 
The diabase never contains inclusions and never shows any evidence 
of magmatic assimilation even in the largest masses. This dif- 
ference is quite certainly due to the difference in the mode and 
condition of intrusion, the diabase having clearly been forced 
through comparatively narrow fissures in the country rock and 
pretty near the earth's surface as the texture shows. In such 
intrusions magmatic stoping would be reduced to a minimum or 
absent. 



